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INTRODUCTION 

The tox ic  and carcinogenic p o t e n t i a l s  of various coa l  conversion products and 
by-products have led t o  de t a i l ed  s tud ie s  of e f f luen t s  including t r a c e  contaminants 
produced by coa l  g a s i f i e r s .  A wide va r i e ty  of coa l  gas i f i ca t ion  schemes have been 
proposed, and many a r e  present ly  under development t o  meet t h e  immediate and f u t u r e  
demands fo r  c lean gaseous f u e l s .  

High temperature entrained flow coa l  g a s i f i e r s  have a well-known advantage 
over lower temperature fixed-bed or st i r red-bed g a s i f i e r s .  This advantage i s  t h e  
marked reduction i n  t a r s ,  phenols, and o the r  condensible hydrocarbons a s  g a s i f i e r  
by-products. For example, t he  Lurgi fixed-bed g a s i f i e r s  produce from 50-100 pounds 
of t a r ,  30-70 pounds of t a r  o i l  and naptha, and 8-12 pounds of phenols pe r  t on  o f  
coa l  (1,2).  Similar by-product compounds and y i e l d s  have been reported f o r  a f lu id -  
ized bed g a s i f i e r  operated by t h e  Pi t tsburgh Energy Research Center ( 3 ) .  
o the r  hand, t h e  Koppers-Totzek and Texaco High temperature entrained flow g a s i f i e r s  
a r e  claimed t o  produce neg l ig ib l e  amounts of t a r s  o r  o i l s  a s  by-products. 
and water pu r i f i ca t ion  equipment i s ,  t he re fo re ,  l e s s  complicated and l e s s  expensive 
than t h a t  required f o r  t h e  Lurgi process.  
temperature entrained flow g a s i f i e r s  would a l s o  have t h i s  advantage. 

O n  t h e  

The gas 

I t  was an t i c ipa t ed  t h a t  advanced high 

The experimental g a s i f i e r  s tudied i n  t h i s  r e p o r t  is a pressurized,  entrained-  
flow g a s i f i e r  t h a t  has a capaci ty  of 100 pounds of coa l  per hour. This g a s i f i e r  has 
a downflow configuration with some s i m i l a r i t y  t o  an entrained flow g a s i f i e r  operated 
by the  Bureau of Mines during t h e  period 1952-1962. 
t h e  Texaco.entrained flow g a s i f i e r  configuration. 
pounds of coa l  per hour per cubic  foo t  of g a s i f i e r  volume have been demonstrated 
with cold gas conversion e f f i c i e n c i e s  i n  excess of 75 percent.  

I t  a l s o  has some s i m i l a r i t y  t o  
Throughput r a t e s  of over  1,000 

A diagram of t h e  laboratory g a s i f i e r  and the  necessary coal feeding,  gas cool- 
i ng  and cleaning, and ash handling equipment is presented i n  Figure 1. 
ment i s  noted i n  t h i s  Figure. 

Major equip- 

Pulverized coa l  is fed t o  t h e  g a s i f i e r  from a pressurized feed hopper en t r a ined  
i n  a stream of a i r  or recycled product gas. 
with a mixture of superheated steam and oxygen. 
pressures  of 50 t o  300 psig and g a s i f i e r  o u t l e t  temperatures 23D0-28OO0F. 
times f o r  gas i f i ca t ion  r eac t ions  a r e  of t h e  order of 0 . 1  second. 

The coa l  i s  r ap id ly  mixed and r eac t ed  
The r eac t ion  is c a r r i e d  ou t  a t  

Residence 

The g a s i f i e r  products pass downward i n t o  a quench sec t ion  where they  a r e  par- 
t i a l l y  cooled by mixing with a feed stream of water and/or s a tu ra t ed  steam or  simply 
by hea t  t r ans fe r  t o  monotube bo i l e r  c o i l s  which form t h e  wal ls  of t h i s  s ec t ion .  
f i c i e n t  cooling occurs i n  t h i s  sect ion t o  s o l i d i f y  t h e  molten ash d rop le t s .  

Suf- 
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The products then pass i n t o  a s l a g  removal sec t ion  where the  s l ag  drople t s  and 
l a r g e r  fly-ash p a r t i c l e s  a r e  separated by gravi ty ,  dropping i n t o  t h e  lower sec t ion  
of t h i s  vesse l  t h a t  i s  p a r t i a l l y  f i l l e d  with water. The s l ag  i s  pe r iod ica l ly  d is -  
charged through a lock hopper and t ranspor ted  t o  a s e t t l i n g  pond. 
products then pass through a hea t  exchanger and i n t o  a scrubber column. 

The g a s i f i c a t i o n  

Cleaning of soot  and fly-ash p a r t i c l e s  from the  gas is accomplished i n  the  water 
scrubber column. Unreacted steam is a l s o  condensed i n  t h i s  column. A recyc le  water 
stream is pumped through a hea t  exchanger t o  remove the  hea t  of condensation, and a 
feed stream of cooled water is introduced a t  t h e  top  of  t h i s  column t o  provide f i n a l  
cooling and washing, and t o  suppress foaming. Approximately s i x  pounds of cooled 
water i s  required pe r  pound of  coa l  fed. 

The overflow from t h e  scrubber passes through a f a b r i c  f i l t e r  t o  remove the 
s o l i d s  and the  f i l t e r e d  l i quor  is discharged through a pressure  reduction valve i n t o  
a f l a s h  tank where d isso lved  gases a r e  re leased  and separated from t h e  water. 

In t h i s  s tudy, a d e t a i l e d  charac te r iza t ion  of po l lu t an t s  assoc ia ted  with the 
previously described g a s i f i e r  has been performed. 

EXPERIMENTAL 

Samples were taken from t h e  cooled and water-scrubbed product gas stream, t h e  
scrubber e f f luen t  water ,  t he  gas evolved on depressur iza t ion  of  t h e  scrubber water ,  
and t h e  p a r t i c u l a t e  mat te r  f i l t e r e d  from t h e  scrubber water during gas i f i ca t ion  o f  
a h igh-vola t i le ,  non-caking, Utah bituminous coa l .  Four process parameters were 
var ied ;  coal feed r a t e ,  r e a c t o r  pressure ,  oxygen t o  coa l  r a t i o ,  and steam t o  coal 
r a t i o .  
techniques of gas chromatographic mass spectrometry, proton-induced x-ray e m i s s i o n  
spectroscopy, thermometric t i t r i m e t r y ,  ion chromatography, and atomic absorption 
spectroscopy. The scrubber water ana lys i s  scheme is shown i n  Figure 2. 

RESULTS AND DISCUSSION 

The compositions of these  samples were determined using t h e  a n a l y t i c a l  

The g a s i f i e r  test mat r ix  i s  given i n  Table 1. 
each s e t  of conditions,  and only one condition was varied i n  consecutive runs.  
cons t i tuents  found i n  t h e  product gas,  f i l t e r e d  scrubber water,  organic ex t r ac t  o f  

Individual runs were made under 
The 

Table 1. GASIFIER TEST MATRIX 

Coal Feed Rate Reactor Oxygen t o  Steam t o  Run 
Number ( l b s .  coa l /h r . )  Pressure (PSIA) Coal Ratio Coal Ratio 

40 
40 
40 
40 
40 
40 
40 
20 
60 

150 
150 
150 
150 
150 
300 
75 
150 
150 

0.9 
0.9 
0.9 
0.8 
1.0 
0.9 
0.9 
0.9 
0.9 

p a r t i c u l a t e  mat te r ,  and gas obtained during depressur iza t ion  of 
a r e  given i n  Tables 2 through 5. The va r i a t ion  from run t o  run 
s ign i f i can t  and, t he re fo re ,  t h e  values repor ted  a r e  averages of 
da t a  emphasize the  low l e v e l s  of contamination produced by t h i s  

0.1 
0.3 
0.5 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 

t h e  scrubber watep 
was found t o  be in- 
a l l  runs.  These 
p a r t i c u l a r  g a s i f i e r .  

The comparison between t h e  scruE6er Pra te r  and tb uncontaminated water Eiefwe e n t r y  
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into the zcrder tank sable 31 demonstrates the cleanliness of the gasifier opera- 
tion. 
of phthalates in the scrubber water is due to a ramming mix used in the reactor. 

Even the organic compound levels are extremely low (Table 4). The presence 

Table 2. PRODUCT GAS COMPOSITION 

Speciesa Average Volume Percent Analytical Technique Usedb 

42.4 
31.2 
12.3 
6.3 
7.2 

GC 
GC 
GC 
GC 
GC 

Average Concentration tppd  
H S  590 DT 
H?N 1.7 DT 

aS02, COS, NH3, CS2 and hydrocarbon gases were not detected. 

bGC = Gas Chromatography, DT = Drager Tube 

Table 3. ANALYSIS OF FILTERED SCRUBBER WATER 

Average Concentration (ppm) Analyticala 
Before Scrubber After Scrubber Technique Used Species 

Elemental 
S 
c1 
K 
Ca 
Fe 
cu 
Zn 
Sr 

Inorganic 
F- 
c1- 
N02- 
SO3- 
NO3- 

HC03- 
so;- 

10.0 
19.2 
0.5 
28.7 
0.3 
0.2 
0.3 
0.0 

0.1 
11.7 
0.1 
8.4 
1.9 

41.4 
219.0 

17.8 
18.4 
1.4 
75.4 
11.6 
0.2 
1.2 
1.0 

1.4 
13.7 
0.3 
3.9 
2.5 
43.4 
390.1 

Organic 
Tributylphosphate 0.0 2.7 10-3 
Dibutylphthalate 0.0 2.8 10-3 

aPIXE = Proton-Induced X-Ray Emission Spectroscopy 
IC = Ion Chromatography 
TT = Thermometric Titrimetry 
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PIXE 
PIXE 
PIXE 
PIXE 
PIXE 
PIXE 
PIXE 
PIXE 

IC 
IC 
IT 
IC 
IC 
IC 
TT 

GC 
GC 



Talile 4. GAS CHROMATOGRAPHIC ANALYSIS OF ORGANIC EXTRACT 
OF PARTICULATE MATTER FROM SCRUBBER WATER 

Compounda 

Naphthalene 
1-Methylnaphthalene 
2-Methylnaphthalene 
Biphenyl 
Acenaphthylene 
Acenaphthene 
Methylacenaphthylene 
Phenanthrene 
Fluoranthene 
Pyrene 
d ibu ty lph tha la t e  
diamylphthalate 

Average Concentrationb 
(expressed a s  ppb i n  scrubber water) 

25.0 
1 . 4  
1 . 3  
1 . 2  
5.8 
5.3 
3.1 
3.7 
2.9 
3.3 
6.1 
7.0 

aA number o f  a d d i t i o n a l  un iden t i f i ed  compounds were present  i n  concentra- 

b A l l  quan t i t a t ion  o f  organic  compounds was done with respect  t o  a 

t i ons  l e s s  than 0.5 ppb 

naphthalene s tandard 

Table 5. ANALYSIS OF GAS OBTAINED DURING DEPRESSURIZATION 
OF SCRUBBER WATER 

Speciesa Average Concentration Analyt ical  
(expressed as ppm i n  scrubber water) Technique Usedb 

87.7 
2.3 

160.1 
80.5 

8.5 
1.6 
0.02 
1.7 

GC 
GC 
GC 
GC 
GC 
DT 
DT 
DT 

aCOS, CS2, NH3 and hydrocarbon gases were not  detected 

bGC = Gas Chromatography, DT = Drsger Tube 
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I. Bleed to alrnospherlc prsasure. 

2. Collect poa samples in lock syringes. 

3. Filter through glass-fiber filter. 

PIX€ 

Exhctlon MATTER 
( C H Z  CIz) 

THERMOMETRIC 
TITRIMETRY 

GAS CHROMATOGRAPHIC 
MASS SPECTROSCOPY 

GAS CHROMATOGRAPHIC 
MASS SPECTROSCOPY 

Qi'gure 2. Scru66er water analysis flow diagram 
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